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FIELD OF INVENTION 
pooi, The invention relates generally lo in.e. Sorption and 

engine structure, and into the engine structure. 

BACKGROUND OF THE INVENTION 
l000 2, Airlines are required by law to meet certain regulatory 
engine noise — tot their altera, Senary 
rustic treatment «~ ^an He typicaily located 

SUrfaCe " TnTch: 0111* —, systems pane, acoustically 

rrrjc — aro und „ r r =r:: 

pane, or at tastener locations. A^ea, and 
between the panels and nacelle inlet struc ure a 

- ~tr££ — r P :ir i d ded h me **- 

best match the source nors. The ^ js ^ ^ ^ ^ a 

absorption charactenslresot. he a ou S , c ^ ^ 

increases labor and parts costs. 
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installing the acoustic treatment system. 

BRIEF SUMMARY OF THE INVENTION 

[0 004] in a preferred embodiment of the present invention an 
secti0 n that houses the ertg™ * ^ ^ ^ ^ secfon 

C0UP , ed ,o *. --7* acoustic pa ne. , ^ * 

and .he roam secfon. The annular acoustic pane, extends 

,ecess in an interna. *^ o .he a fon Qf ^ main 

from a forward portion of the inlet section ^ 
secfion such the. the ou.Khead is covered Py th art P fan 

annuiar aooustio paoe. adsortos irtlet noise gene d me eng ^ 

— m ^:z:c^:::^ — 

3 to match a oo.se signature ot so 

increasing .he noise absorption qua,*, oMh a ^ _ 

forward port.on of the naceue a nacelle 
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BRIEF DESCRIPTION OF THE DRAWINGS 
ci The present invention will become more fully 

wherein; 

=• „ 1 is a longitudinal cross-sectional v,ew of a 
[0006! Figure 1 * J Jog ^ ^ ^ ptesen( 

portion of an aircraft eng.ne assembly, 
invention; 

, ■ ,„ exoloded view of a section of the engine 

T i " " amU ' ar a ° 0US,iC ^ 

assembly illustrating a preferrea err 

shown in Figure 1 ; and 

assembly illustrating another preterre 
panel shown in Figure 1. 

^[Corresponding reference numerals mdrca.e 

DETAILED DESCRIPTION OF THE INVENTION 
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c- longitudinal cross-sectional view of a 

[0010, Figure 1 is a long ^ ^ prese „ t 

portion of an aircraft engine 14 , for example, a gas 

lention. The engine assembly The fan assembly 18 
lurb ine engine, and an associate an assem ^ 

includes a plurality of <*™ t ^ % ?£» 26 .ha. is spaced radially 
,he engine 14 and fan blades 22 .s Air utilized by the 

outward from .he engine 14 ,o define an ^ in the 

engine assembly 10 fo P'^ ^ ^ , J„ compressed by .he 
direction X. Generally, air enters the nac* ^ 
ten blades 22 and allowed .0 bypass the engine 

„» ps includes an inlet section 34 coupled to a 
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interior area of the nacelle 26. The junction between the inlet and main 
sections 34 and 38 includes a main bulkhead 42 that is used to give structural 
integrity and strength to the nacelle 26 at the junction. The engine assembly 
10 additionally includes a monolithic, i.e. one piece, annular acoustic panel 46 
5 that absorbs inlet noise generated by the engine and/or fan assembly forward 
of the fan blades 22. It should be understood that the term 'forward', as used 
herein, means in the direction Y toward the front of the aircraft and the engine 
assembly, as opposed to aft, indicated as the direction Z toward the rear of 
the aircraft and engine assembly. The one piece annular acoustic panel 46 

10 is a singular acoustic panel having a continuous annular form free from any 
break points, joints and gaps that extend through the thickness of the annular 
acoustic panel 46. Therefore, the annular acoustic panel 46 substantially 
prevents air from passing therethrough. Preventing air from passing through 
the annular acoustic panel 46 significantly reduces the amount of inlet noise 

15 and engine air that escapes through the nacelle 26 to the environment 
outside the nacelle 26. The annular acoustic panel 46 is constructed of any 
suitable acoustic material, for example a composite material such as graphite 
epoxy (GREP) or an aluminum bonded assembly. 

[0012] The annular acoustic panel 46 is integrated within an 
20 internal wall 54 of the nacelle. More specifically, the annular acoustic panel 
46 forms a segment of the internal wall 54 of the nacelle 26. The internal wall 
54 includes an inlet section 54a extending forward of the main bulkhead 42 to 
an inlet bulkhead 44. The internal wall 54 further includes a main section 54b 
extending aft from the main bulkhead 42. The inlet section 54a includes a 
25 forward portion of the annular acoustic panel 46 that extends forward from the 
main bulkhead 42. A forward segment of the main section 54b includes an 
aft portion of the annular acoustic panel 46 extending from the main bulkhead 
42 to an aft edge 46a of the annular acoustic panel 46 and a forward portion 
of an engine case and fan blade containment structure 56. An aft segment of 
30 the main section 54b includes an engine fan case acoustic liner 58 and an aft 
portion of the engine case and fan blade containment structure 56. 
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[0013] The annular acoustic panel 46 extends aft from a point 
in the inlet section 34 to a point in the forward portion of the main section 38. 
For example, the annular acoustic panel extends aft from a point A in the inlet 
section 34, to a point B in a forward portion of the main section 38. In one 
5 preferred embodiment, point A is located near a forward lip 60 of the inlet 
section 34 and point B is located between a point in the main section 38 
adjacent a face 22a of the fan blades 22 and the main bulkhead 42. In 
another preferred embodiment, point A is located at the inlet bulkhead 44. 
Alternatively, point A could be located at any point in the nacelle inlet section 
10 34. 

[0014] In a preferred embodiment, the annular acoustic panel 
46 is coupled to the inlet bulkhead 44 and the main bulkhead 42 using a 
plurality of fasteners (not shown). The fastener can be any suitable fastener, 
such as bolts or screws. Preferably, the fasteners are integrally formed with, 

15 or recessed in, the annular acoustic panel 46, thereby avoiding the presence 
of fastener heads that protrude into the interior area of the engine assembly 
10 or cause any blockage or loss of acoustically treated area. Protruding 
fastener heads can cause noise evoking disruptions in the air passing through 
the engine assembly 10. The engine case and fan blade containment 

20 structure 56 is also coupled to the main bulkhead 42 using similar fasteners. 
The annular acoustic panel 46 extends aft beyond the main bulkhead 42, 
which forms the junction between the nacelle inlet section 34 and the nacelle 
main section 38. The aft edge 46a abuts and tightly mates with a forward 
end of the engine fan case acoustic liner 58. In a preferred embodiment, the 

25 aft edge 46a has a substantially air tight mating with the forward end of the 
engine fan case acoustic liner 58. In an alternate embodiment, the internal 
wall main section 54b includes an engine fan wear strip (not shown) located 
between the annular acoustic panel 46 and the engine fan case acoustic liner 
58. In this embodiment, the aft edge 46a abuts and mates tightly, preferably 

30 substantially air tightly, with a forward end of the engine fan wear strip. 
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[0015] The annular acoustic panel 46 couples with the inlet 
bulkhead 44 such that an interior surface 62 of the nacelle interior wall 54 is 
substantially smooth and free from discontinuities at a forward edge 46b of 
the annular acoustic panel 46. Additionally, the annular acoustic panel 46 
mates with the engine fan case acoustic .iner 58 such that the interior surface 
62 is substantially smooth and free from discontinuities at the aft edge 46a of 
the annular acoustic panel 46. More specifically, the junction where the 
annular acoustic panel aft edge 46a mates with the forward end of the eng.ne 
fan case acoustic liner 58, or alternatively the forward end of the eng.ne fan 
wear strip, forms a substantially smooth and continuous interior surface 62. 
Likewise, the junction where the annular acoustic panel mates tightly, 
preferably air tightly, with the forward lip 60 forms a substantially smooth and 
continuous interior surface 62. Therefore, the interior surface 62 forward of 
the fan blades 22 is substantially aerodynamically clean and substantially free 
from discontinuities. This substantially aerodynamically clean portion of the 
interior surface 62 reduces excrescence drag within the engine assembly and 
thus, reduces noise generated by air passing through the forward port.on of 
the nacelle 26. 

[0016] Referring to Figure 2, as described above, the annular 
acoustic panel 46 extends from a point in the inlet section 34 to a forward 
portion of the main section 38 such that the main bulkhead 42 is covered by 
the annular acoustic panel 46. In a preferred embodiment, the annular 
acoustic panel 46 extends from point in the forward portion of the inlet section 
34 to a point in the forward portion of the main section 38 that is forward of 
the fan blade face 22a. That is, the annular acoustic panel 46 extends from a 
point in the forward portion of the inlet section 34, such as point A (shown .n 
Figure 1), to a point in the main section 38 between the main bulkhead 42 
and the fan face 22a, such as point B. 

[0017] Referring now to Figure 3, in another preferred 
D embodiment, the annular acoustic pane. 46 extends from the forward portion 
of the inlet section 34 to a point in the forward portion of the main section 38 
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M is adiacan. and substantially avan with ,ha fan biada faces 22a. Thai is 
annular acousfio pane, 46 axlands from a poin, in Iha forward pot on^ 
th9 ime, section 34, such as poin, A (shown in Figura 1), <o a potn ,n he n 
seclion 38 lha, is adjacent and substantially even with the fan biade face 22a, 
5 such as point B\ 

[0018] Referring again to Figura 2, covering the main bulkhead 
42 combined with the substantially air tight fit of the annular acoustic pane, 46 
1 the forward lip 60 and the engine fan case acoustic liner 53 .ub— 
eliminates multiple leak paths in .he portion of the tntenor surfac 6 fonvard 
,n o L fan assembly 18. That is, the leak path through the matn bulkhead 42 
10 ZZZJ* - forward and aft edges 46b and 46a a substantia y 
eiiminated. This is because (he annular acoustic panel 46 ,s a one ptece 
stic pane, lha, covers ,he main bulkhead 42 and has a substanttally a, 
i, w*h ,he forward lip 60 and the acous.ic ,iner 58. Therefore^ atr and 
15 noise which escape .hough such leak pa.hs ,o ,he environman, ou.s.da o, ,he 
engine assembly 10 are substantially elimtnated. 

r00191 in a preferred embodiment, .0 further ensure an air tighl 

Lean ,he aft edge 46a and .he engine ,an case acous c l,n £ 
,0 Alternatively, .he aft sea, 66 is included between the aft ed e 

engine fan wear strip. The aft seal 66 forms an efteCvely a,r ttgh. seal 
oTd ,he aft edge 46a o, the annular acous.ic pane, 46. Similar,, a lorwar 
sea. 70 (shown in Figure ,) is included between the forward edge 46b and lha 
Lard lb SO, .hereby forming an effectively a = around - = 

2 n^taferred embodiment, cauik is used to form an aftectively atr „gh 
^between the annular acoustic pane, 46 and the engine fan case acousltc 
liner 58 and the forward lip 60. 

10020] The fan case and fan blade containment structure 56 is 
adapted to contain various kinds o, engine failures. For example, I, an eng.ne 
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part fails or breaks and flies off, the flying engine debris is contained within 
the nacelle 26 and not allowed to strike and damage other parts of the 
aircraft. In a preferred embodiment, the annular acoustic panel 46 is 
integrated within the internal wall 54 of the nacelle 26 such that the 
5 functionality, effectiveness and integrity of the fan case and fan blade 
containment structure 56 is maintained and not compromised. 

[0021] Constructing the annular acoustic panel 46 to be a 
monolithic, i.e. one piece, panel enables the annular acoustic panel 46 to be 
tunable to match a noise signature of the engine and/or the fan assembly. 

10 That is, the annular acoustic panel 46 can be configured to match the noise 
signature, i.e. the noise wavelength, amplitude and pattern of the engine 
and/or the fan assembly. Matching the noise signature attenuates or 
substantially eliminates noise having the specific wavelength, amplitude and 
pattern. This more effectively reduces the amount of noise generated by the 

15 engine and the fan assembly that is audible to the environment external to the 
engine assembly 10. For example, matching the noise signature reduces the 
engine noise audible to communities neighboring an airport. Tuning the 
annular acoustic panel 46 can be done in any suitable manner known in the 
art of acoustical dampening. For example, the annular acoustic panel 46 can 

20 be tuned to match the noise signature of the engine and/or the fan assembly 
by adjusting a face sheet open area, i.e. increasing or decreasing the area of 
an inner surface of the annular acoustic panel 46. Alternatively, the annular 
acoustic panel 46 can be tuned by adjusting the depth, pattern and number of 
acoustical perforations (not shown) in the annular acoustic panel 46. Further 

25 yet, the annular acoustic panel 46 can be tuned by adjusting the configuration 
of a septum (not shown), that may be included in the annular acoustic panel 
46, to match the noise signature of the engine and/or the fan assembly. Still 
further, the annular acoustic panel 46 can be tuned by adjusting a core depth, 
i.e. a thickness t, of the annular acoustic panel 46. 

30 [0022] The engine assembly 10 of the present invention 

employs the monolithic annular acoustic panel 46 to increase inlet noise 
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attenuation for aircraft engines. The annular acoustic panel 46 is a one 
piece acoustic panel that extends from the inlet section 34, past the main 
bulkhead 42 and into the main section 38. Extending the annular acoustic 
panel 46 past the main bulkhead 42 and into the main section 38 substantially 

5 eliminates multiple leak paths through which noise can pass. Additionally, the 
annular panel 46 is integrated within the internal wall 62 having a substantially 
air tight seal that further eliminates leak paths. Furthermore, the monolithic 
design of the annular acoustic panel 46 provides significantly more acoustic 
area that can tuned to match the noise signature of specific engines 14 

10 and/or fan assemblies 18. Further advantages of the monolithic annular 
acoustic panel 46 of the present invention are decreased complexity of 
engine inlet acoustic treatment, decreased acoustic treatment weight, 
maintained integrity and functionality of the engine case and fan blade 
containment structure 56, reduced excrescence drag and reduce parts and 

15 labor costs. 

[0023] While the invention has been described in terms of 
various specific embodiments, those skilled in the art will recognize that the 
invention can be practiced with modification within the spirit and scope of the 
claims. 
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